N eonatal haemochromatosis (NH) is a rare perinatal disorder defined as severe liver disease associated with intrahepatic and extrahepatic siderosis presenting in utero or early in the neonatal period. 1 The cause remains obscure, but it may develop secondary to abnormal fetoplacental iron handling or perinatal liver disease, or be familial. [1] [2] [3] There is an association with maternal lupus antibodies 4 5 and with abnormal bile acid production. 6 7 All infants present with acute liver failure with both intrahepatic and extrahepatic siderosis, which affects the parenchyma of the liver, pancreas, oral mucosa, and thyroid among other sites, but spares the reticuloendothelial system. 1 Untreated, the disorder is almost uniformly fatal, but liver transplantation has been performed with some success, [8] [9] [10] and from 1993 the use of an antioxidant cocktail has been suggested with initial reports of improved outcome. 11 A retrospective review of all patients with neonatal haemochromatosis presenting between 1990 and 1998 to a national centre was performed to evaluate the role of an antioxidant cocktail and orthotopic liver transplantation in the management of the disease.
METHODS
A retrospective review of case notes and pathology results of infants referred to the Liver Unit at Birmingham Childrens' Hospital between 1990 and 1998 was performed. Eight children had a diagnosis of NH. The histology slides, pathology reports, and biochemical results of these patients were reviewed. The diagnosis of NH was based on the combination of acute liver failure, raised ferritin concentration (>1000 µg/l), increased intrahepatic iron with grade 4 hepatocyte siderosis that spared the reticuloendothelial system, and, where possible, evidence of extrahepatic siderosis. Other causes of liver disease including viral hepatitis, α 1 antitrypsin deficiency, tyrosinaemia type I, galactosaemia, Zellweger's syndrome, and mitochondrial disorders were excluded. From 1994, abnormalities of bile acids were sought and excluded.
All patients received standard supportive treatment for acute liver failure and were considered for liver transplantation. Those presenting from 1994 were also treated with an antioxidant cocktail (table 1), which was continued until ferritin levels fell below 500 µg/l or death or liver transplantation occurred.
RESULTS
Eight infants (four boys, four girls) presented during 1990-1998 (table 2) . Median gestational age was 40 weeks (range 35-40), and median birth weight 3200 g (range 2720-3780). Median age at presentation at Birmingham Childrens' Hospital was 4 days (range 0-31) with raised ferritin levels (median 4180 µg/l; range 1650-40 000 µg/l; normal range 110-503 µg/l) and prothrombin time (median 40 seconds, range 23-86 seconds). Serum iron concentration was raised (median 24.8 µmol/l, range 3-68 µmol/l) (table 2).
Associated findings were noted in six of the eight patients. Two families were consanguineous (patients 1 and 5), one with two previous perinatal deaths (patient 5). There were two affected siblings in one family in which the mother had positive autoantibodies to Ro and La (patients 3 and 7). Patients 4 and 8 had copresentation with sepsis, one with Coxsackie viral meningitis and the other with Escherichia coli septicaemia (table 2). Patients 1 and 2 presented late, but had been unwell for two weeks before admission. In all cases the pregnancy was normal and there was no maternal history of blood transfusion in any of the infants in this series.
NH was confirmed on histological examination of the liver biopsy specimen or at post mortem examination in seven patients. Characteristic histology was identified, with giant cell transformation and grade 3-4 siderosis in hepatocytes which spared Kupffer cells. Patient 1 had insufficient liver parenchyma remaining to be diagnostic, although there was evidence of iron deposition, and a diagnosis was made using this as supporting evidence to the clinical picture and raised ferritin concentration.
Patient 8 underwent magnetic resonance imaging (MRI) of the abdomen, which suggested extrahepatic iron deposition in the pancreas, and liver histology after 20 days of medical treatment was confirmatory. Patient 4 had supportive liver histology, but unfortunately the postmortem examination did not assess extrahepatic iron deposition. The parents of two children who died refused permission for a postmortem examination, so assessment of extrahepatic iron deposits was not possible (patients 2 and 5).
Patients 1-3 presented before 1994 and did not receive antioxidant treatment. Patient 1 died from multiorgan failure, and patients 2 and 3 underwent transplantation. Patient 3 was transplanted on day 13 of life and remains well with a follow up of 8 years. Patient 2 died from neurological damage after a successful transplant on day 45.
Patients 4-8 presented after 1994, all of whom received antioxidant treatment. Two infants died. Patient 5 presented on the first day of life and was treated immediately; patient 4 started antioxidants at 20 days after initial presentation. Both had multiorgan failure and were not listed for transplantation; they died within 48 hours of starting antioxidant treatment. Patient 6 had a partial response and survived for 37 days, when she underwent a liver transplantation. Unfortunately primary graft failure secondary to hepatic artery thrombosis occurred, which was complicated by neurological dysfunction so that retransplantation was contraindicated.
Two infants responded fully to antioxidant treatment (patients 7 and 8; table 3). Patient 7 had an affected sibling who had undergone successful liver transplantation at day 13 of life. Their mother had anti-Ro and anti-La antibodies and the diagnosis in the second sibling was suspected antenatally because he developed incomplete heart block in utero which is associated with both anti-Ro and anti-La antibodies. A fetal MRI to detect iron overload was attempted but was technically unsuccessful. The diagnosis was confirmed by a high cord ferritin concentration (2093 µg/l) and diagnostic liver histology performed on day 3 of life, when his coagulation had been partially corrected with medical treatment. Antioxidants were started on the first day of life. His ferritin concentration peaked at day 5 (4193 µg/l) and fell to 1557 µg/l by day 12. Liver function improved after two days of antioxidant treatment.
Patient 8 presented at 3 days of age and was started on antioxidant treatment on day 4 of life. An associated finding of Coxsackie viral meningitis was noted, but diagnosis of NH was confirmed by liver histology and supportive MRI findings suggesting increased pancreatic iron. In both infants, treatment was continued until the ferritin level fell below 500 µg/l (at 28 and 35 days respectively). Both patients remain well at follow up of 36 and 48 months respectively, with no recurrence of iron overload.
In comparing the responses of the five children who received antioxidant treatment, it was clear that the two children who responded had lower ferritin levels and prothrombin times and started treatment earlier than nonresponders (table 3) . 1 It is not always possible to make the diagnosis before death or liver transplantation because of the difficulties in confirming liver histology in infants with abnormal coagulation. Recent data 12 indicate that increased ferritin levels alone are insufficient for diagnosis, as ferritin is an acute phase reactant and may be increased in infants with liver failure from other causes. Alternative serum markers that may be more helpful include serum concentrations of transferrin and iron and percentage iron saturation of transferrin, 1 and ferrritin should no longer be used as a marker for this disease. Likewise, it may be difficult to show extrahepatic siderosis, although lip biopsy may reveal iron in salivary glands, 13 and MRI imaging may detect pancreatic iron deposits. 14 15 This difficulty in diagnosis is reflected both in the literature [8] [9] [10] and in this historical study. Both disorders of bile acids 6 7 16 and mitochondrial disorders [17] [18] [19] have been described in association with acute liver failure, raised ferritin levels, and increased intrahepatic iron stores. It is therefore important to investigate for both of these disorders. In this series, mitochondrial disorders were excluded in all patients, and from 1994 disorders of bile acids, in five.
Treatment of this fatal disorder has focused on supportive treatment for acute liver failure and liver transplantation, which may be successful in some cases, 8 9 and more recently on the use of antioxidant treatment. 11 In this series, three children underwent liver transplantation, which was only successful in one patient. This was related to the development of multiorgan failure in the other two infants and the technical difficulties arising in such ill patients. The survival from liver transplantation has historically been poor, [8] [9] [10] with only one previous report in the literature documenting long term survival after liver transplantation in two of three infants. 8 These results indicate that, to date, liver transplantation for this condition is not as effective as for other indications 11 20 and cannot be considered optimal treatment in all cases.
In this series, antioxidant treatment improved outcome in two children, but these children had less severe disease and their antioxidant treatment was started earlier than in those who did not survive. The treatment effectively normalised the ferritin and reduced stored iron in the liver. A third child showed a partial response, with some clinical improvement allowing survival to transplant at day 37. In none of the three cases has iron overload recurred, which is an unusual feature of this illness.
In the largest reported series of NH, overall survival was 24%, without improvement in outcome with antioxidant treatment. These authors found that there was a partial response with improved coagulation in one of eight patients on antioxidant treatment, but death or transplantation was not prevented in any of the patients. However, four of the patients were not diagnosed until after 1 month of age and consequently did not start antioxidant treatment until very late, which may have adversely affected the outcome. 21 There have also been isolated reports of spontaneous recovery from NH in the literature, 3 11 22 and it is possible that the two patients in this study who responded to antioxidant treatment and who had a milder phenotype may have survived without this treatment. However, we feel that this is unlikely given the clinical presentation, the confirmatory liver histology, and the fact that an older sibling of one of the infants with a similar phenotype required liver transplantation.
In conclusion, the treatment of infants with NH remains controversial, and as intimated here, the timing of medical intervention is crucial. Progress in management of this disorder is difficult to assess prospectively as numbers of patients are small. However, survivors were referred early, and, since the introduction of antioxidant treatment, two patients required only medical management as opposed to the one survivor before the introduction of this treatment who required transplantation. We strongly recommend that all patients presenting with acute liver failure in the neonatal period should be started on an antioxidant cocktail while the diagnosis is being confirmed, allowing the earliest possible treatment. If there is no response to treatment within 48-72 hours (table 4), the infant should be listed early for liver transplantation, which should also be considered early in those with a more severe phenotype whose liver function is liable to deteriorate rapidly. Table 4 Poor prognostic factors in neonatal haemochromatosis and criteria for early listing for transplantation
